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A collection of 57 field isolates of the tombusvirus tomato bushy stunt virus was obtained from eggplant and tomato during
1994–1997 and was examined for the presence of defective interfering (DI) RNA species by Northern blot hybridization and
RT-PCR. No DI RNA species were detected associated with any of the field TBSV isolates. However, serial passaging of two
field isolates in Nicotiana clevelandii at high multiplicity of infection resulted in the rapid generation of DI-like RNA species,
indicating that the absence of DI RNAs in natural populations of the virus was not due to the inability of the TBSV field isolates
to generate them in a suitable host. The results indicate that DI RNAs may not play a role in modulating natural TBSV
infections in the hosts examined. In 4 of 57 isolates analyzed we have detected less than full-length RNAs and we show here
that they are true satellite RNAs. Two different satellite RNA species were detected, named TBSV sat RNAs B1 (822 nt) and
B10 (612 nt). TBSV sat RNAs lack significant open reading frames and do not present sequence homology except in a central
box that is also conserved in TBSV-Ch genomic RNA and in all the DI RNAs derived from it. TBSV sat RNA B10 attenuated
the symptoms induced by the helper virus in N. clevelandii while sat RNA B1 did not modify the symptoms. This is the first
report of sat RNAs associated with TBSV and the first time that sat RNAs are associated with natural tombusvirus infections.
© 1997 Academic Press
INTRODUCTION
Defective interfering (DI) particles and satellite (sat)
RNAs are replicative entities amplified at the expense of
the replication of specific helper viruses (HV), on which
they behave as molecular parasites. DI and sat RNAs
modulate the multiplication and pathogenesis of their
helper viruses and much effort has been devoted in the
past 20 years to understand the molecular basis of these
phenomena (Roux et al., 1991; Roossinck et al., 1992).
Since DI and sat RNAs of plants often attenuate the
symptoms induced by HV, they have also received con-
siderable attention as potential agents for the biocontrol
of the diseases caused by these HV (Roux et al., 1991;
Roossinck et al., 1992; Kollar et al., 1993; Aranda et al.,
1993, 1997; Grieco et al., 1997). The role of DI particles as
modulators of the dynamics and evolution of their HV
populations has been extensively studied for some ani-
mal viruses in cell culture, and complex populational
models have been prepared based on the estimation of
parameters relative to DI particle appearance and com-
petition (Bangham and Kirkwood, 1990; Kirkwood and
Bangham, 1994). Nevertheless, the fate of DI RNA or
particles, and of sat RNAs, in natural populations re-
mains largely unexplored (Roux et al., 1991) with some
recent exceptions (Aranda et al., 1993, 1997; Grieco et al.,
1997). There are very few reports that could inform on
whether DI and sat RNAs are important elements in the
dynamics and evolution of viral populations or interesting
laboratory curiosities.
Within the plant viruses, DI RNAs have been best
characterized for the Tombusviridae (White, 1997). The
cherry strain of tomato bushy stunt tombusvirus (TBSV-
Ch) was the first plant virus for which DI RNAs were
reported (Hillman et al., 1987). The generation and inter-
ference mechanisms of TBSV DI RNAs have been ana-
lyzed in detail, as well as their structure and evolution on
serial passages at high multiplicity of infection (m.o.i.)
(Russo et al., 1994; White, 1997). A sat RNA has also been
described associated with laboratory stocks of several
tombusvirus species (Gallitelli and Hull, 1985; Gallitelli et
al., 1985). This sat RNA has been characterized structur-
ally (Rubino et al., 1990) and as a modulator of tombus-
virus pathogenesis (Burgyan et al., 1989). No reports
have been published, to our knowledge, on the pres-
ence, frequency or evolution of DI or sat RNAs in natural
populations of tombusviruses.
TBSV has recently caused epidemic outbreaks in to-
mato and eggplant crops in Southeastern Spain (Luis-
Arteaga et al., 1996). This prompted us to explore the
possible role, if any, of DI and sat RNAs in the natural
The nucleotide sequence data reported in this paper have been
submitted to the GenBank nucleotide sequence database and have
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populations of this virus. Here we report the analysis of
a collection of field isolates for the presence of DI or sat
RNAs. Although Spanish field isolates of TBSV were
shown to generate DI under experimental conditions we
have not detected DI RNAs in field-infected plants. Inter-
estingly, two new species of sat RNA were found asso-
ciated with field isolates of TBSV.
MATERIALS AND METHODS
Virus isolates
A collection of 57 TBSV field isolates was obtained
from plastic-greenhouse tomato and eggplant crops in
SE Spain. For the quantitative analyses here reported,
we considered an isolate the virus preparation obtained
from a single field-infected plant. Isolates represented
TBSV outbreaks in tomato and eggplant crops sampled
in the Murcia and Almerı´a provinces in an E–W transect
of about 200 km. Plants were randomly sampled in af-
fected areas during the growing seasons (September to
May) of 1994 to 1997 (Table 1). The presence of TBSV
was confirmed in these samples by inoculation onto
Nicotiana clevelandii and purification of TBSV and viral
RNA. Strain TBSV-BS3 (Steere, 1953) was obtained as
dried tissue from V. Lisa (CNRS, Torino). TBSV-Ch
genomic RNA was obtained from M. Borja (Madrid) in the
form of in vitro transcripts of the full-length cDNA clone,
pTBSV-100 (Hearne et al., 1990). Plasmid pDIB10 contain-
ing a cDNA copy of TBSV DI RNA (Knorr et al., 1991) was
obtained from M. Borja.
All isolates were multiplied in N. clevelandii plants
kept in a glasshouse at 20–25° and 16-h photoperiod.
TBSV was purified from leaf tissue (Luis-Arteaga et al.,
1996) and encapsidated RNA was extracted from sodium
dodecyl sulphate (SDS)-disrupted purified virions with
phenol–chloroform.
Nucleic acid preparations and analysis
Total RNA was extracted from 0.2 g of leaf tissue
ground in liquid nitrogen with 0.3 ml GESS (0.1 M gly-
cine–NaOH, pH 9.3, 100 mM NaCl, 10 mM EDTA, 2%
SDS) and 0.3 ml of buffer saturated phenol. Nucleic acids
were ethanol precipitated from the aqueous phase, re-
suspended in water, and enriched in RNA by overnight
precipitation in 2 M LiCl.
Encapsidated RNAs purified from TBSV isolates B1
and B10 were separated by electrophoresis in 6% poly-
acrylamide gels containing 7 M urea. Bands correspond-
ing to sat RNAs B1 or B10 were identified by staining gels
in 0.05% methylene blue, 20 mM Na acetate (pH 5) for 5
min. Bands were excised from gels and RNA was eluted
overnight in 0.5 M ammonium acetate, 1 mM EDTA, 0.1%
SDS. The eluate was extracted with phenol–chloro-
phorm, extracted with butanol, and precipitated with eth-
anol.
Polyacrylamide gel-purified B1 and B10 satellite RNAs
(5 mg) were labeled at the 39 terminus (England and
Uhlenbeck, 1978) with [32P]pCp (3000 Ci/mmol; Amer-
sham) and sequenced by the partial enzymatic digestion
method (Donis-Keller et al., 1977). Once the 39-terminal
sequence was determined, complementary oligonucleo-
tides were designed successively to obtain sequence
data by direct RNA sequencing with reverse tran-
scriptase and dideoxynucleotides as described by Fichot
and Girard (1990). The sequences obtained were ana-
lyzed and compared using programs of the Genetics
Computer Group package (University of Wisconsin, Mad-
ison).
Total RNA or encapsidated RNA samples were elec-
trophoresed in 1.5% agarose–6% formaldehyde gels in 20
mM Mops, 5 mM sodium acetate, 1 mM EDTA and
transferred to Hybond membranes (Amersham). For de-
tecting viral RNAs and DI RNAs, 32P-labeled probes were
prepared by reverse transcription of genomic RNA of
TBSV-Ch or TBSV-B6 with reverse primer 59 CATC-
CCGGGCTGCATT(T/G)CTGC 39 (Luis-Arteaga et al.,
1996). For detecting sat RNAs, 32P-labeled cDNA probes
were prepared to gel-purified sat RNAs B1 or B10 with
reverse transcriptase (Seikagaku America) using as
primers random hexamers (Boehringer). Prehybridiza-
tion, hybridization, and washing (Sambrook et al., 1989)
were carried out at 68°, and the blots were exposed at
TABLE 1
TBSV Field Isolates Collected in Southeastern Spain and the Presence/Absence of DI and sat RNAs
Host Area Year No. of isolates DI RNA sat RNA
Tomato Almerı´a April 94 23 2 1a
Tomato Murcia November 94 2 2 2
Eggplant Almerı´a February 95 12 2 3b
Eggplant Almerı´a May 96 12 2 2
Eggplant Almerı´a February 97 7 2 2
Tomato Almerı´a February 97 1 2 2
Total 57 2 4
a Isolate T7.
b Isolates B1, B2, and B10.
278 CELIX ET AL.
280° using an intensifying screen (E. I. duPont de
Nemours).
For detection of DI RNA in total RNA samples by
RT-PCR, about 2 mg of total RNA (5–10 ml) was heated
with 350 ng of reverse primer (see above) at 65° for 5
min, chilled on ice, and used in 20-ml reactions as the
template for first-strand cDNA synthesis with AMV re-
verse transcriptase (Seikagaku America) following stan-
dard protocols (Sambrook et al., 1989). Aliquots (10 ml) of
the reaction were used in 50-ml PCR reactions with 350
ng each of forward primer (59 GCGAATTCAAAT(T/C)CTC-
CAGGA 39) and reverse primer. Forward primer was
degenerated and contained 13 nt of the 59 terminal con-
served sequence of the genomic RNA of tombusviruses
(underlined) plus a cloning site. The PCR reactions con-
sisted of 30 cycles of 30 s at 94°, 1 min at 60°, and 3 min
at 72°.
Serial passage experiments and infectivity assays
Serial passages of field and reference TBSV isolates
at high m.o.i. were done in N. clevelandii plants. For the
first passage, purified virion RNA at 100 mg/ml in 0.1 M
Na2HPO4 was used as inoculum. For subsequent pas-
sages, 100 mg of fresh tissue was collected from the
inoculated leaf 5 days postinoculation (dpi), ground in 1
vol of buffer (30 mM Na2HPO4, 0.2% sodium diethyldi-
thiocarbamate), and 10 ml was used to inoculate 1 leaf of
a N. clevelandii plant. Simultaneously, leaf samples were
collected from each passage for total RNA extraction.
Plants were maintained in a greenhouse and observed
daily to score symptoms.
To assay the infectivity of sat RNAs, N. clevelandii
plants were inoculated (10 ml per leaf, 1 leaf per plant)
with TBSV-Ch RNA infectious transcripts (Hearne et al.,
1990) as helper virus with or without sat RNAs B1 or B10
purified from polyacrylamide gels. Inoculum concentra-
tions were 100 mg helper RNA/ml and 40 mg sat RNA/ml
in inoculation buffer (0.1 M Na2HPO4, pH 9). TBSV-BS3
(genomic RNA purified from virions) was used in some
experiments as helper virus.
RESULTS
Analysis of TBSV field isolates for the presence and
generation of DI RNAs
The presence of DI RNAs was examined in 57 sam-
ples (Table 1) of total RNA extracts from leaves of plants
naturally infected with TBSV. Northern blot hybridization
of the these extracts with a probe representing the 39-
terminal sequence of TBSV RNA detected only bands
corresponding in size to the genomic and subgenomic
RNAs of TBSV (not shown). To further study if DI RNAs
were present we analyzed total RNA extracts by RT-PCR
with primers corresponding to the 59- and 39-terminal
sequences of the genomic RNA of TBSV. Figure 1 shows
a representative gel with the RT-PCR amplification re-
sults of 7 samples from TBSV-infected eggplant and
tomato plants. No amplification product was generated
from these field samples (Fig. 1, lanes 2–8) and the same
results were obtained with the rest of samples listed in
Table 1 (not shown). In contrast, cDNAs of DI size (below
0.8 kb) were amplified from a control extract from N.
clevelandii infected with a TBSV-Ch inoculum that had
been serially passaged at high m.o.i. (lane TBSV-Ch (10)
in Fig. 1). The PCR conditions used in our experiments
resulted in the correct amplification of a cloned TBSV DI
RNA molecule of about 0.7 kb (Fig.1, pDIB10) and did not
amplify cDNAs of the size of the genomic RNA of TBSV.
This was confirmed using as template a plasmid con-
taining a full-length cDNA copy of TBSV-Ch (Fig. 1, pT-
BSV-100).
Since no DI RNAs could be detected by Northern blot
hybridization or RT-PCR in RNA extracts from field sam-
ples, we studied the ability of a field isolate of TBSV to
accumulate DI RNAs. For this, two independent series of
13 passages were done in N. clevelandii plants at high
m.o.i. with isolate TBSV-B6, obtained from eggplant in
1995. Parallell passages of isolate TBSV-Ch were done
as control. Inoculation with TBSV-B6 resulted in systemic
FIG. 1. Assay for the presence of defective interfering RNAs (DI
RNAs) in field isolates and serial passages of TBSV by RT-PCR with
oligonucleotides corresponding to the 59- and 39-terminal sequences of
TBSV genomic RNA. Agarose gel electrophoresis of RT-PCR products
obtained from total RNAs extracted from uninfected eggplant (lane M),
from tomato isolates T3 and T11 (lanes 1, 2) from April 1994, eggplant
isolate B6 (lane 3) from February 1995, and eggplant field isolates 9731,
9733, 9736, 9737 (lanes 4, 5, 6, 7) from February 1997. Lane TBSV-Ch
(10) contains the RT-PCR product obtained from a N. clevelandii plant
infected with TBSV-Ch serially passaged 10 times. Lanes TBSV-B6 (13A
and 13B) contain the RT-PCR products obtained from N. clevelandii
plants infected with eggplant isolate B6 serially passaged 13 times in
two independent series of passages. Lane TBSV-T23 (10) is the RT-PCR
product obtained from a N. clevelandii plant infected with tomato
isolate T23 passaged 10 times. PCR products obtained from DNA of
plasmid pDIB10 (containing a cDNA copy of a TBSV DI RNA molecule)
and of plasmid pTBSV-100 (containing a full-length cDNA copy of TBSV
genomic RNA) are included.
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necrosis and death of the plants within 2 weeks. In both
TBSV-B6 passage series these symptoms became atten-
uated, and no necrosis was observed in infected plants
up to 30 dpi after the 11th passage. Total RNA extracts
from the inoculated leaf of each passage were analyzed
by RT-PCR. In both series of passages DI-like RNAs were
detected after the 5th–7th passages depending on the
series, both by RT-PCR (lanes TBSV-B6 (13A) and (13B) in
Fig.1) and by Northern blot analyses with a probe made
to the 39 end of the genomic RNA (not shown). Additional
serial passage experiments with the tomato field isolate
TBSV-T23, collected in 1994, gave similar results (lane
TBSV-T23 (10) in Fig. 1).
Two satellite RNAs are present in TBSV field isolates
Analysis by agarose gel electrophoresis of TBSV RNAs
from virions directly purified from field infected plants
showed that in three eggplant isolates (B1, B2, and B10)
and in one tomato isolate (T7), RNAs of about 800 nt (B1
and B2) or 600 nt (B10 and T7) were found (Fig. 2A). Since
RT-PCR amplification and hybridization experiments (as
described above) indicated that these RNA species were
not derived from TBSV genomic RNA, we analyzed
whether these molecules were satellite RNAs. The sub-
viral RNAs encapsidated by isolates B1 and B10 were gel
purified and used as templates for the synthesis of ra-
dioactively labeled cDNA probes. Neither of these
probes hybridized with TBSV genomic RNA (Figs. 2B and
2C), indicating a general lack of sequence homology. The
probes for the two size classes of subviral RNAs repre-
sented by B1 and B10 did not cross-react, indicating that
they were not closely related molecules. Each probe
reacted with subviral RNAs of the same size; i.e., the
B1-specific probe reacted with B1 and B2, and the B10-
specific probe with B10 and T7 (Figs. 2B and 2C). Taken
together, these results suggest that these RNAs are two
different species of satellite RNAs.
The satellite nature of subviral RNAs B1 and B10 was
confirmed by infectivity experiments in N. clevelandii
plants using in vitro- synthetsized transcripts of TBSV-Ch
as helper virus. No disease symptoms or accumulation
of RNA was detected in plants inoculated with either
putative satellite RNAs without HV RNA (not shown). In
plants inoculated with TBSV-Ch RNA and either subviral
RNA B1 or B10, these RNAs were efficiently replicated
and encapsidated (Fig. 3B). Thus, subviral RNAs in iso-
lates B1, B2, B10, and T7 are indeed two different sat
RNAs (sat RNA B1 and sat RNA B10). Plants inoculated
with TBSV-Ch RNA plus sat RNA B10 showed a marked
attenuation of the severe systemic necrosis symptoms
induced by TBSV-Ch (Fig. 3A). In contrast, the presence
of sat RNA B1 did not modify the symptoms induced by
TBSV-Ch.
Sequence analysis of TBSV satellite RNAs B1 and B10
The nucleotide sequences of TBSV sat RNA B1 (822
nt) and sat RNA B10 (612 nt) were determined directly
from the RNA molecule, except for the 59-terminal
nucleotide, and are presented in Fig. 4. Only small
open reading frames (ORFs) could be identified in the
TBSV satRNAs sequences. The largest ORFs of RNA
sat B1 would encode two polypeptides of 26 amino
acids (nt 56 to 133 and nt 538–615), and those of
RNAsat B10 have the potential to encode polypeptides
of 23 amino acids (nt 196 to 264) or 28 amino acids (nt
479 to 562). In vitro translation of gel-purified satRNAs
did not result in the synthesis of any detectable
polypeptide (not shown).
Comparison of the sequences of TBSV sat RNAs B1
and B10 showed a lack of general sequence homology.
The same result was obtained when the TBSV sat RNA
sequences were compared with the 622-nt-long se-
quence of CyRSV satRNA (Rubino et al., 1990). However,
three sequence regions were conserved between the
two TBSV sat RNAs (Fig. 5) and could also be identified
in TBSV-Ch genomic RNA and in CyRSV sat RNA (Hearne
FIG. 2. Two different satellite RNA molecules are found associated with natural isolates of TBSV. (A) Agarose gel electrophoresis of encapsidated
RNAs purified from TBSV eggplant field isolates B1, B2, B5, B10 from February 1995, from tomato field isolates T7, T17 from April 1994, and from
TBSV-Ch grown in N. clevelandii. (B,C) Northern blots of the gel shown in (A) probed with a 32P-labeled cDNA prepared from satellite RNA B1 (B) or
from satellite RNA B10 (C).
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et al., 1990). The first region corresponded to the 59-
terminal 60 residues, of which 44 (73%) were identical in
both TBSV sat RNAs (bold characters in Fig. 4). In this
region, the 59-termini (9 residues) of both TBSV sat RNAs
and of TBSV genomic RNA (Hearne et al., 1990) were
found to be identical (Fig. 5A) and very similar to the
59-terminal residues of the CyRSV sat RNA (11 of 15
terminal residues identical). A second region of homol-
ogy (73%) between TBSV sat RNAs B1 and B10 was a
central block (underlined in Fig. 4) corresponding to a
well characterized conserved sequence present in the
sat RNA of CyRSV, in the genomic RNA sequence of the
helper virus TBSV-Ch and other tombusviruses (Fig. 5B),
and in all the DI RNAs of tombusviruses, which very likely
corresponds to a signal necessary in cis- for RNA repli-
cation (Russo et al., 1994). The homology of this region of
the sat RNAs with that of TBSV RNA (Fig. 5B) was higher
for sat RNA B1 (87%) than for sat RNA B10 (75%). Finally,
the 39 termini of TBSV sat RNAs B1 and B10 were con-
served (Fig. 5C), especially the last 7 residues that were
identical except for an additional C residue in sat RNA
B10. The 39-terminal residues of the sat RNAs were also
similar to those of the TBSV-Ch genomic RNA (Fig. 5C),
but did not resemble the 39 end of CyRSV sat RNA (not
shown). Overall, the 39-terminal region is less conserved
between the TBSV sat RNAs than the 59-terminal region
(Fig. 4).
DISCUSSION
The knowledge about the dynamics and evolution of
DI and sat RNAs in viral populations is of considerable
interest: it may contribute to understand host–parasite
interactions (Kirkwood and Bangham, 1994) and is a
prerequisite to the use of these molecular parasites as
biocontrol agents of their HVs (Roux et al., 1991; Roos-
sinck et al., 1992). Nevertheless, data on the occurrence
and frequency of DI and sat RNAs are very scarce in
natural populations of animal and plant viruses. For plant
viruses defective genomes have been described in field
isolates of the closterovirus citrus tristeza virus (Ma-
wassi et al., 1995a,b) and of the geminivirus beet curly
top virus (Stenger, 1995), but interference between the
defective and the full-length genome has not been re-
ported. Defective RNAs with symptom-exacerbating
properties have been detected in isolates of the bromo-
virus broad bean mottle virus passaged in the original
host (Romero et al., 1993) but the field samples were not
directly analyzed. Both DI and sat RNAs have been well
characterized in experimental populations of TBSV (Roux
et al., 1991; White, 1997; Rubino et al., 1990) and in this
work we analyzed their possible occurrence in natural,
field populations.
Our data indicate that no DI RNAs are found associ-
ated with 57 field isolates of TBSV. This is not due to the
inability of the analyzed field isolates of TBSV to generate
FIG. 3. (A) Symptoms induced in N. clevelandii plants 10 days after inoculation with TBSV-Ch RNA with or without satellite RNAs B1 or B10. (B)
Agarose gel electrophoresis of encapsidated RNAs obtained from plants infected with TBSV-Ch (1), TBSV-Ch plus sat RNA B1 (2), and TBSV-Ch plus
sat RNA B10 (3).
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and maintain DI RNAs, since DI RNAs were accumulated
upon serial passage in N. clevelandii plants. We cannot
rule out that DI RNAs were present in the field-infected
plants and were amplified in N. clevellandii, as TBSV DI
RNAs do easily accumulate in this host plant (Burgyan et
al., 1991; Knorr et al., 1991), but the sensitivity of the
RT-PCR analysis (Law and Morris, 1994) does not sup-
port this hypothesis. It could be that TBSV DI RNAs
would not accumulate in tomato or eggplant, as it has
been described that the species of host plant may have
an important effect on the accumulation of tombusviral
DI RNAs (Chang et al., 1995). Also it has been reported
that growing of TBSV-infected plants at elevated temper-
atures (27°) results in great reduction of DI RNA accu-
mulation when compared with plants grown at 16° (Hill-
man et al., 1985). Temperatures in plastic greenhouses in
SE Spain at the times of the crop (September to April)
can vary from about 10 to 40°; thus no correlation with
this factor can be established. It can be speculated that
because of their negative effect on the accumulation of
the HV, TBSV DI RNAs would not be favored in natural
populations unless they have a very big advantage on
the genomic RNA. Of course, DI RNAs are at an advan-
tage for replication, but it has been shown that their
accumulation is favored by infection at high m.o.i. (Roux
et al., 1991; White, 1997) and that TBSV DI RNAs do not
encapsidate efficiently (Russo et al., 1994). Thus, even if
DI RNAs were generated in infected tomatoes and egg-
plants, they could be lost from the population at popula-
tion bottlenecks associated with systemic movement
and with plant to plant transmission. Although these
hypotheses are still to be tested and tradeoffs between
competition for replication and encapsidation/transmis-
sion have to be quantified, our results indicate that DI
RNAs would have no major role in the population dynam-
FIG. 4. Nucleotide sequence of TBSV sat RNAs B1 and B10 (GenBank Accession Nos. AF022787 and AF022788, respectively). Bold characters
indicate identical residues in the 59 and 39 ends. Underlined characters show a region (‘‘central box’’) of homology between TBSV sat RNAs B1 and
B10, CyRSV sat RNA (Rubino et al., 1990), TBSV-Ch genomic RNA (Hearne et al., 1990), and DI RNAs of tombusviruses (Russo et al., 1994).
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ics and genetics of TBSV in nature, at least in the envi-
ronment that we have studied.
In our screening for DI RNAs of TBSV field isolates we
have found two different sat RNAs, which we have called
sat RNA B1 and sat RNA B10. These sat RNAs, and the
one reported for CyRSV (Rubino et al., 1990) differ in
molecular size and sequence, although all three contain
a conserved motif necessary in cis for tombusviral RNA
replication (Russo et al., 1994). As is the case for CyRSV
sat RNA (Gallitelli and Hull, 1985; Burgyan et al., 1989),
sat RNA B10, of a similar size, attenuated the symptoms
induced by TBSV in N. clevelandii, and this was not so for
the larger sat RNA B1. This is the first report of sat RNAs
associated with natural tombusvirus infections. The facts
that 7% of the analyzed TBSV isolates had a sat RNA and
that sat RNA B1 was found in isolates from different
years and different host plants indicate that TBSV sat
RNAs fare much better in natural populations than do DI
RNAs. Pending more detailed comparative analyses on
the competition for replication of both subviral RNAs with
the HV RNA, the highly efficient encapsidation of sat
RNAs, but not of DI RNAs, could explain their different
fate in the viral population. TBSV has been present only
since 1994 in tomato and eggplant crops of SE Spain
(Luis-Arteaga et al., 1996). It will be interesting to analyze
the evolution of the sat RNA population as the natural
population of the virus increases in the next years.
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